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Abstract

Background: Since the beginning of COVID-19 pandemic, there has been a widespread use of
remdesivir in adults and children. There is little known information about remdesivir’s role in
reducing 30-day readmissions after hospitalization with COVID-19. This study aimed to
determine whether treatment with remdesivir was associated with reduced risk of 30-day
readmission after index hospitalization with COVID-19.

Methods: The study was a multi-center cohort study in Rhode Island, USA. Patients included all
adults that were discharged after hospital treatment for COVID-19 between April 1** and
December 31*, 2020. The main study outcomes were length of hospital stay, 30-day
readmission, and post-discharge 30 days mortality.

Results: A total of 2,062 patients (2,279 hospitalizations) were included in the analytic sample.
Patients were less likely to be readmitted within 30 days if they received remdesivir relative to
not receiving remdesivir; associations were strongest for those with mild disease (RR: 0.31; 95%
Cl: 0.13,0.75). Remdesivir treatment was associated with reduction in all-cause mortality (HR:
0.65; 95% Cl: 0.49,0.85) and an increase in length of stay (estimated average increase of 3.27
days; 95% Cl: 2.11,4.44). Limitation: Unmeasured factors such as time-to-treatment and
severity of disease prior to initiation of remdesivir.

Conclusions: Remdesivir may be an effective strategy for reducing progression to severe
COVID-19 disease and limiting morbidity associated with readmission to hospital. Larger
prospective studies are justified to study the role of remdesivir in mild or early COVID-19 with
high risk of disease progression and readmission to hospital within 30 days.

MeSH terms: remdesivir, COVID-19 hospitalization, COVID-19 disease, hospital readmission
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Introduction

The pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has recorded more than 181 million global cases and 3.9 million deaths as of June, 2021. In the
United States 2.2 million hospital admissions for coronavirus disease 2019 (COVID-19), the
syndrome caused by SARS-CoV-2, have occurred from August 1%, 2020 to June 26, 2021." In-
hospital mortality ranges from 0.3-13.3% by age group and increases with age.' Hospital
readmission rates amongst survivors are not readily available but have been reported between

4-20% within 60 days of discharge.”™

Currently remdesivir, a nucleotide analogue prodrug, is approved by the US Food and
Drug Administration (FDA) for the treatment of hospitalized patients with COVID-19. Guidelines
from the US National Institute of Health (NIH) recommend use of remdesivir for patients
hospitalized with COVID-19 and requiring oxygen (Grade Blla).” There are insufficient data to
recommend use of remdesivir for the treatment of hospitalized patients not requiring
supplemental oxygen. The guidelines are currently limited by the low number of randomized
trials and perceived low mortality and morbidity rates in this subgroup of hospitalized
patients.‘s’7 Additionally, dexamethasone, a corticosteroid, is recommended for the treatment
of patients with moderate and severe COVID-19 disease requiring supplemental oxygen,
including high-flow devices, non-invasive ventilation and mechanical ventilation.” Antibiotic,
anticoagulant, and diuretic medications are other therapeutic options commonly employed in

the treatment of COVID-19 and related complications.
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Little is known about relationships between pharmacological treatments of COVID-19
and post-discharge outcomes. Reasons for readmission to hospital after COVID-19 may include
underlying co-morbid disorders, social determinants of health such as access to housing and
access to health care, as well as susceptibility to progression of COVID-19.%° We hypothesized
that administration of remdesivir to hospitalized patients with mild COVID-10 disease may
result in decreased viral replication and ultimately less morbidity as represented by hospital
readmission. The aim of the study was to examine the association between readmission and
remdesivir using inverse-probability of treatment weights in a cohort of patients admitted to
hospital during the COVID-19 pandemic at a large hospital system in Rhode Island from April to

December 2020.
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Methods

Study setting and population. From April 1, 2020, to December 31, 2020, there were
2,557 COVID-19 related hospital admissions within the Lifespan network (Rhode Island Hospital,
The Miriam Hospital, Newport Hospital) in 2,230 unique patients aged 18 years and older. All
patients identified tested positive for presence of SARS-CoV-2 coronavirus via nasopharyngeal
swab or serum serology testing. Serum serology was utilized for diagnosis when patients were
admitted with clinical presentation consistent with COVID-19 but had negative polymerase
chain reaction testing for SARS-CoV-2 by nasopharyngeal swab. The combined Lifespan
Institutional Review Board approved the study protocol. Details regarding the clinical course,
rehospitalizations, and/or deaths were abstracted from the electronic health records (EHR). Our
analytic sample was restricted to the 2,279 hospitalizations (N=2,062 patients) with complete
data on sociodemographic and clinical covariates of interest. In this historical cohort study, for

each hospitalization a given patient was followed from admission to 30 days post discharge.

Outcome Measures
Outcome measures of interest included length of hospital stay, 30-day readmission, and
post-discharge 30-day mortality. Patients who died prior to discharge were classified as dying at

0 days post discharge.

Statistical Analysis
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All analyses were conducted using Stata version 16.1 (StataCorp, College Station, Texas).
Characteristics and outcome events of patients treated with and without remdesivir are
reported as column percentages or mean and standard deviation, as appropriate. Subsequent
marginal structural models regressing outcomes of interest on remdesivir use were weighted
using inverse-probability of treatment weights (IPTW) to address confounding by indication
(i.e., non-randomized treatment allocation) and inverse-probability of censoring weights (IPCW)

to address selective survival.

Inverse-probability of treatment weights (IPTW)

The propensity score (PS) for treatment with remdesivir for each patient was estimated
using logistic regression, which modeled the probability of being treated with remdesivir,
compared to not being treated with remdesivir, using patient gender, race, ethnicity, language,
age, insurance type, smoking status, medical history (yes/no for presence of particular medical
diagnoses in the EHR), as well as the results of laboratory values (ALT, AST, eGFR) and vital signs
(hypotension, hypoxia, fever, tachycardia, respiration rate above 30 measured) within 24 hours
of index admission. Variables for the IPTW models were chosen by identifying potential
confounders as well as causes of readmission, extended length of stay, and death that are not
in the causal pathway using directed-acyclic graphs (DAGs). Weights were stabilized using the
marginal probability of being treated with remdesivir (probability of being treated with
remdesivir/ being treated with remdesivir, given their covariates [i.e., PS]). The sample created
using IPTW assumes that the distribution of baseline characteristics is independent of

treatment assignment.
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Inverse-probability of censoring weights (IPCW)

The propensity score (PS) for dying before or within 30 days of discharge for each
patient was estimated using logistic regression, which modeled the probability of dying before
or within 30 days of discharge, compared to still being alive 30 days after discharge. Included
variables were again selected with the use of DAGs. This model included the same covariates
used in the development of IPTW as well as treatment type (remdesivir, antibiotics, steroids,
anticoagulants, diuretics), maximum/most extreme laboratory values during admission (AST,
WBC, lymphocytes, albumin, ALT, eGFR), the maximum amount of respiratory support, and vital
sign abnormalities within 24 hours of discharge (hypotension, hypoxia, fever, tachycardia,

respiration rate above 30 measured).

Marginal Structural Models

To estimate the treatment effect of receiving remdesivir relative to not receiving
remdesivir on length of stay and 30 days readmission, generalized linear models were weighted
by the product of iIPTW and IPCW for each hospitalization truncated at the 5th and 95th
percentiles. Likewise, marginal structural Cox models were used to estimate the treatment
effect of receiving remdesivir relative to not receiving remdesivir on 30-day survival, weighted

by the stabilized IPTW. All models accounted for clustering at the patient level.

Stratified-Analyses
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A priori we hypothesized the potential for the greatest benefit to be conferred for
patients treated with remdesivir whom had mild COVID-19 related disease. Patients were
categorized as “mild” during their hospitalization if they did not require supplemental oxygen.
Alternatively, those who required 0.5-6Lpm maximum oxygen support were categorized as
“moderate” and those who required 6.5Lpm or more, including high flow, non-invasive

ventilation, and mechanical ventilation, were classified as “severe”.

Sensitivity analyses
In separate alternative model specifications, we estimate the treatment effect of
receiving antibiotics, steroids, diuretics, and anticoagulants on length of stay, readmission

within 30 days, and 30-day survival.
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Results

Of the 752 hospitalized patients who received remdesivir (N=758 hospitalizations), 742
(N=748 hospitalizations) were included in this analytic sample. Likewise, of the 1,538 patients
who did not receive remdesivir (N=1,799 hospitalizations), 1,369 (N=1,531 hospitalizations)
were included in this analytic sample. Those included in the analytic sample tended to have a
longer length of stay (median: 5 days [IQR: 3 days, 10 days] vs median 3 days [IQR: 1 day, 7
days]. Table 1 summarizes the characteristics of the 2,062 patients (2,279 hospitalizations)
included in the analytic sample stratified by remdesivir treatment status. Remdesivir treatment
was disproportionately given to those who were older, men, white, and with admission vitals
indication respiration rate >30 and higher CRP values. Additionally, patients treated with
remdesivir disproportionately required some degree of respiratory support at some point
during their hospitalization. Those treated with remdesivir tended to have a longer length of
stay but a smaller proportion were admitted within 30 days of discharge. Table 2 further
summarizes characteristics by COVID-19 symptoms severity. Patients with mild symptoms were
disproportionately younger and BIPOC, while those with more severe symptoms were

disproportionately older, white, and with a greater number of comorbid health conditions.

Sampling Weights Distribution and Balance
Truncated IPCW, IPTW, and the combined weight had a mean # standard deviation of
0.80%0.22, 0.96+0.42, and 0.76+0.40, respectively (Supplemental Table Al). The characteristics

of the 2,062 patients hospitalized with COVID-19 (2,279 hospitalizations) stratified by

10
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remdesivir treatment status after applying inverse probability of treatment weights are
displayed in Supplemental Table A2 and demonstrate greater balance relative to characteristics
displayed in Table 1 particularly as they pertain to labs and vitals measured around the time of

admission.

Marginal Structural Models
Association of treatment with remdesivir with length of stay, 30-day readmission, and
all-cause mortality in 2,062 patients hospitalized with COVID-19 (2,279 hospitalizations) are

displayed in Table 3.

Length of Stay

Overall, being treated with remdesivir was associated with a 3.27 day (95%Cl: 2.11,4.44)
increase in length of stay on average relative to not being treated with remdesivir. This finding
was most pronounced for those with severe COVID-19 symptoms (B: 6.70 days; 95%Cl:
0.47,12.92) while those with mild and moderate symptoms had a fairly negligible increases in

length of stay.

Readmission within 30 days

Overall, being treated with remdesivir was associated with a 19% decrease in risk of 30-
day readmission (95%: 0.59,1.13). Patients with mild disease were 69% less likely to be
readmitted within 30 days had they received remdesivir relative to not receiving remdesivir

(RR: 0.31; 95% Cl: 0.13,0.75).

11



Journal Pre-proof

30-day All-Cause Mortality
Overall, being treated with remdesivir was associated with a 35% decrease in risk of dying in

the 30-days following discharge (HR: 0.65; 95%:0.49,0.85).

Sensitivity Analyses

Supplemental Tables A3-A6 display the results of sensitivity analyses employing steroids,
antibiotics, anticoagulants, and diuretics in place of remdesivir as the treatment, respectively.
Generally, all alternative models yielded comparable or worse health outcomes. Treatment
with corticosteroids was associated with increased risk of readmission within 30 days and
treatment with antibiotics was associated with increased length of stay as well as increased risk

of dying within 30 days following discharge.

12
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Discussion

Treatment with remdesivir has been shown to improve disease severity and shorten

1011 The benefits

duration of symptoms in patients with moderate to severe COVID-19 disease.
of treatment with remdesivir in mild disease severity have not been established. In our
retrospective multicenter analysis within a large hospital network, receipt of remdesivir was
associated with lower likelihood of 30-day readmission after hospitalization; associations were
strongest for those with mild COVID-19, defined as hospitalized but not requiring supplemental
oxygen. Additional COVID-19 treatments investigated including corticosteroids, antibiotics,
diuretics and anti-coagulants were not associated with a reduction of hospital readmission
rates. We also observed improved overall survival and increased hospital length of stay
associated with remdesivir treatment. Our study population represents a broad range of real-
world patients presenting to hospital in the period encompassing the “spring” and “fall” 2020
COVID-19 case number surges in Rhode Island, USA. While non-randomized treatment
allocation can be a significant source of bias in observational assessments of different
treatments, we leveraged rich sociodemographic and clinical data to construct IPTWs and
additionally construct IPCWs to reduce the impact of confounding by indication and selective
survival on our estimates, respectively. This is the first report on hospital readmissions in a large

cohort of patients treated with remdesivir, likely owing to the early availability of remdesivir in

Rhode Island.

13
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Hospital readmission rates after hospitalization for COVID-19 range between 4-20%.”
Between 30-80% of readmitted patients return to hospital with a primary diagnosis of COVID-
19 or related adverse event including sepsis, pneumonia, hypoxic respiratory failure, and
thromboembolism.>* Other reasons for hospital readmission include exacerbation of
underlying conditions such as congestive heart failure and pulmonary disease, and a decline in

overall functional status. Mortality upon readmission ranges up to 23%."

Remdesivir, a nucleotide analogue prodrug, acts as a viral RNA-dependent RNA

1213 Treatment with

polymerase inhibitor, targeting the viral genome replication process.
remdesivir early in the clinical course of COVID-19 may limit SARS-CoV-2 viral replication and
prevent progression to more severe disease. Studying the effects of remdesivir presents a
conundrum which is likely related to the disease biology of SARS-CoV-2 and COVID-19.%
Remdesivir may be a treatment agent for COVID-19 which is most effective in mild to moderate
disease, and therefore may not exhibit a mortality reduction due to the lower overall mortality
rates in this sub-population of patients. Our findings suggest that patients who develop severe
disease may also benefit from remdesivir’s anti-viral effects as is suggested by current

>1415 pemdesivir has

guidelines recommending treatment with remdesivir in this population.
not been shown to improve overall mortality across several randomized studies, but we are
encouraged to see an association with mortality reduction in this real-world data set. Evidence
demonstrating a reduction of co-morbid outcomes such as reduced 30-day hospital

readmission rates in this analysis, may form the basis for ongoing clinical use of remdesivir in

hospitalized patients with mild COVID-19 disease.®

14
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In studies reporting on rates of hospital readmissions after COVID-19 hospitalization,
treatments included including hydroxychloroquine, lopinavir/ritonavir, corticosteroids,

#1720 A study with a small number of patients treated with

anticoagulants and remdesivir.
remdesivir reported 0/22 patients readmitted within 30 days.* By comparison, other
treatments such as hydroxychloroquine and corticosteroids, were not associated with a
reduction in hospital readmissions.* A prospective randomized trial evaluating the treatment
effect of remdesivir conducted in outpatients with early COVID-19 disease revealed a decrease
in hospital admissions in the remdesivir arm supporting the idea that anti-viral therapy for
COVID-19 has an active role in clinical management but likely heavily depends upon timing
within the disease course. In our.analysis commonly used treatments for COVID-19 such as

corticosteroids, anticoagulants, antibiotics and diuretic medications were not associated with

reduced readmissions or in-hospital mortality.

Propensity score matching (PSM) and inverse probability of treatment weighting (IPTW)
are increasingly popular methods used to address confounding by indication.?! IPTW aims to
achieve a balanced distribution of confounders across treatment groups and thereby achieve a
more robust baseline for comparison. An estimated propensity score reflects the probability of
treatment assignment conditional on a patient’s measured baseline characteristics, which in

this analysis included a broad range of underlying diagnoses, social factors, clinical indicators

15
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including vital signs and laboratory studies, and in-hospital complications. An additional

adjustment was performed to account for survivorship bias.

Remdesivir may be an effective strategy for reducing progression to severe COVID-19
disease and limiting morbidity associated with readmission to hospital. Further prospective
studies will be required to confirm this finding to help revise current guidelines even as we
grapple with resurgence of cases of COVID-19. Although not currently included in guidelines for
treatment of hospitalized patients with mild COVID-19, remdesivir should be considered for
those patients with defined risk factors for disease progression and readmission to hospital

within 30 days.

Our study has important limitations. Treatment with remdesivir was not randomized
and there are known clinical factors that dictate differential allocation of treatment. In
attempts to mitigate the contribution of confounding by indication, we leveraged available data
on underlying diagnoses, social factors, and clinical indicators — as measured and recorded in
the electronic health record — to estimate and incorporate probability of treatment assignment
as IPTWs. IPTW — as with other techniques employed for confounding control — can only
balance factors that are measured. Unmeasured factors, such as time-to-treatment with
remdesivir and timing of maximum respiratory support in relation to remdesivir treatment, may

play a role in the analysis.

16
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Conclusions

We observed an association between reduction in likelihood of hospital readmission in
patients with mild COVID-19 who were treated with remdesivir. These results provide evidence
that augments the case for use of remdesivir in patients hospitalized with mild (early) COVID-19
disease, particularly in patients with risk factors for progression to severe disease as
recommended by treatment guidelines. Additionally, we observed an association of overall
mortality reduction and remdesivir treatment in this real-world analysis. Due to the
nonrandomized nature of our analysis, additional study of the treatment effect of remdesivir in

COVID-19 is required.

17



Journal Pre-proof

Conflicts of Interest

The authors whose names are listed immediately below certify that they have NO
affiliations with or involvement in any organization or entity with any financial interest (such as
honoraria; educational grants; participation in speakers’ bureaus; membership, employment,
consultancies, stock ownership, or other equity interest; and expert testimony or patent-
licensing arrangements), or non-financial interest (such as personal or professional
relationships, affiliations, knowledge or beliefs) in the subject matter or materials discussed in

this manuscript.

Source of Funding

This research received no specific grant from any funding agency in the public,

commercial, or not-for-profit sectors.

18



Journal Pre-proof

References

1. CDC COVID Data Tracker. Centers for Disease Control and Prevention, 2021,
covid.cdc.gov/covid-data-tracker. Accessed 26 June, 2021.

2. Donnelly JP, Wang XQ, Iwashyna TJ, Prescott HC. Readmission and Death After Initial
Hospital Discharge Among Patients With COVID-19 in a Large Multihospital System.
JAMA. 2021 Jan 19;325(3):304-306. doi: 10.1001/jama.2020.21465.

3. Parra LM, Cantero M, Morras |, Vallejo A, Diego |, Jiménez-Tejero E, MUfiez E, Asensio A,
Fermdandez-Cruz A, Ramos-Martinez A; Puerta de Hierro Hospital Admission Study
Group. Hospital Readmissions of Discharged Patients with COVID-19. Int J Gen Med.
2020 Dec 2;13:1359-1366

4. Yeo |, BaekS, Kim J, Elshakh H, Voronina A, Lou MS, Vapnik J, Kaler R, Dai X, Goldbarg S.
Assessment of thirty-day readmission rate, timing, causes and predictors after
hospitalization with COVID-19. J Intern Med. 2021 Jul;290(1):157-165.

5. COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment
Guidelines. National Institutes of Health. Available at

https://www .covid19treatmentguidelines.nih.gov/. Accessed June 26™, 2021.

6. Spinner CD,Gottlieb RL,Criner GJ,Arribas Lopez JR,Cattelan AM,Soriano Viladomiu
A,Ogbuagu O,Malhotra P,Mullane KM,Castagna A,Chai LYA,Roestenberg M,Tsang
OTY,Bernasconi E,Le Turnier P,Chang SC,SenGupta D,Hyland RH,Osinusi AO,Cao H,Blair
C,Wang H,Gaggar A,Brainard DM,McPhail MJ,Bhagani S,Ahn MY,Sanyal AJ,Huhn G,Marty
FM, Effect of Remdesivir vs Standard Care on Clinical Status at 11 Days in Patients With

Moderate COVID-19: A Randomized Clinical Trial. JAMA. 2020 Aug 21

19



Journal Pre-proof

7. Beigel JH,Tomashek KM,Dodd LE,Mehta AK,Zingman BS,Kalil AC,Hohmann E,Chu
HY,Luetkemeyer A, Kline S,Lopez de Castilla D,Finberg RW,Dierberg K,Tapson V,Hsieh
L,Patterson TF,Paredes R,Sweeney DA,Short WR,Touloumi G,Lye DC,0hmagari N,Oh
MD,Ruiz-Palacios GM,Benfield T,Fatkenheuer G,Kortepeter MG,Atmar RL,Creech
CB,Lundgren J,Babiker AG,Pett S,Neaton JD,Burgess TH,Bonnett T,Green M,Makowski
M,Osinusi A,Nayak S,Lane HC, Remdesivir for the Treatment of Covid-19 - Preliminary
Report. The New England journal of medicine. 2020 May 22

8. Lavery AM, Preston LE, Ko JY, Chevinsky JR, DeSisto CL, Pennington AF, Kompaniyets L,
Datta SD, Click ES, Golden T, Goodman AB, Mac Kenzie WR, Boehmer TK, Gundlapalli AV.
Characteristics of Hospitalized COVID-19 Patients Discharged and Experiencing Same-
Hospital Readmission - United States, March-August 2020. MMWR Morb Mortal Wkly
Rep. 2020 Nov 13;69(45):1695-1699

9. Banerjee J, Canamar CP, Voyageur C, Tangpraphaphorn S, Lemus A, Coffey C Jr, Wald-
Dickler N, Holtom P, Shoenberger J, Bowdish M, Yee HF, Spellberg B. Mortality and
Readmission Rates Among Patients With COVID-19 After Discharge From Acute Care
Setting With Supplemental Oxygen. JAMA Netw Open. 2021 Apr 1;4(4):e213990.

10. Grein J, Ohmagari N, Shin D, Diaz G, Asperges E, Castagna A, Feldt T, Green G, Green ML,
Lescure FX, Nicastri E, Oda R, Yo K, Quiros-Roldan E, Studemeister A, Redinski J, Ahmed
S, Bernett J, Chelliah D, Chen D, Chihara S, Cohen SH, Cunningham J, D'Arminio
Monforte A, Ismail S, Kato H, Lapadula G, L'Her E, Maeno T, Majumder S, Massari M,
Mora-Rillo M, Mutoh Y, Nguyen D, Verweij E, Zoufaly A, Osinusi AO, DeZure A, Zhao Y,

Zhong L, Chokkalingam A, Elboudwarej E, Telep L, Timbs L, Henne |, Sellers S, Cao H, Tan

20



Journal Pre-proof

SK, Winterbourne L, Desai P, Mera R, Gaggar A, Myers RP, Brainard DM, Childs R,
Flanigan T. Compassionate Use of Remdesivir for Patients with Severe Covid-19. N Engl J
Med. 2020 Jun 11;382(24):2327-2336.

11. Goldman JD, Lye DCB, Hui DS, Marks KM, Bruno R, Montejano R, Spinner CD, Galli M,
Ahn MY, Nahass RG, Chen YS, SenGupta D, Hyland RH, Osinusi AO, Cao H, Blair C, Wei X,
Gaggar A, Brainard DM, Towner WJ, Muioz J, Mullane KM, Marty FM, Tashima KT, Diaz
G, Subramanian A; GS-US-540-5773 Investigators. Remdesivir for 5 or 10 Days in
Patients with Severe Covid-19. N EnglJ Med. 2020 Nov 5;383(19):1827-1837.

12. Tchesnokov EP, Feng JY, Porter DP, Gotte M. Mechanism of Inhibition of Ebola Virus
RNA-Dependent RNA Polymerase by Remdesivir. Viruses. 2019 Apr 4;11(4):326.

13. Garibaldi BT, Wang K, Robinson ML, Zeger SL, Bandeen-Roche K, Wang MC, Alexander
GC, Gupta A, Bollinger R, Xu Y. Comparison of Time to Clinical Improvement With vs
Without Remdesivir Treatment in Hospitalized Patients With COVID-19. JAMA Netw
Open. 2021 Mar 1;4(3):e213071.

14. Gordon CJ, Tchesnokov EP, Woolner E, Perry JK, Feng JY, Porter DP, Gotte M. Remdesivir
is a direct-acting antiviral that inhibits RNA-dependent RNA polymerase from severe
acute respiratory syndrome coronavirus 2 with high potency. J Biol Chem. 2020 May
15;295(20):6785-6797

15. Doélken L, Stich A, Spinner CD. Remdesivir for Early COVID-19 Treatment of High-Risk
Individuals Prior to or at Early Disease Onset-Lessons Learned. Viruses. 2021 May

22;13(6):963

21



Journal Pre-proof

16. Benfield T, Bodilsen J, Brieghel C, Harboe ZB, Helleberg M, Holm C, Israelsen SB, Jensen
J, Jensen T@, Johansen IS, Johnsen S, Madsen BL, Lundgren J, Meyer CN, Mohey R,
Pedersen LM, Nielsen H, Nielsen SL, Obel N, Omland LH, Podlekareva D, Poulsen BK,
Ravn P, Sandholdt H, Starling J, Storgaard M, Sgborg C, Sggaard OS, Tranborg T, Wiese L,
Christensen HR. Improved survival among hospitalized patients with COVID-19 treated
with remdesivir and dexamethasone. A nationwide population-based cohort study. Clin
Infect Dis. 2021 Jun 10:ciab536

17. Chaudhry Z, Shawe-Taylor M, Rampling T, Cutfield T, Bidwell G, Chan XHS, Last A,
Williams B, Logan S, Marks M, Esmail H. Short durations of corticosteroids for
hospitalised COVID-19 patients are associated with a high readmission rate. J Infect.
2021 Jun;82(6):276-316

18. Jeon WH, Seon JY, Park SY, Oh IH. Analysis of Risk Factors on Readmission Cases of
COVID-19 in the Republic of Korea: Using Nationwide Health Claims Data. Int J Environ
Res Public Health. 2020 Aug 12;17(16):5844

19. Bowles KH, McDonald M, Barrén Y, Kennedy E, O'Connor M, Mikkelsen M. Surviving
COVID-19 After Hospital Discharge: Symptom, Functional, and Adverse Outcomes of
Home Health Recipients. Ann Intern Med. 2021 Mar;174(3):316-325

20. Somani SS, Richter F, Fuster V, De Freitas JK, Naik N, Sigel K; Mount Sinai COVID
Informatics Center, Bottinger EP, Levin MA, Fayad Z, Just AC, Charney AW, Zhao S,
Glicksberg BS, Lala A, Nadkarni GN. Characterization of Patients Who Return to Hospital
Following Discharge from Hospitalization for COVID-19. J Gen Intern Med. 2020

Oct;35(10):2838-2844.

22



Journal Pre-proof

21. Allan V, Ramagopalan SV, Mardekian J, Jenkins A, Li X, Pan X, Luo X. Propensity score
matching and inverse probability of treatment weighting to address confounding by

indication in comparative effectiveness research of oral anticoagulants. J Comp Eff Res.

2020 Jun;9(9):603-614

23



Journal Pre-proof

Table 1. Characteristics of 2,062 patients hospitalized with COVID-19 (2,279 hospitalizations)
stratified by Remdesivir treatment status, Lifespan Network February 2020 — December 2020

No Remdesivir Remdesivir Total
(N=1531 (N=748 (N=2279
Hospitalizations) Hospitalizations) Hospitalizations)
Col % or Mean (Std. Dev)
Gender
Women 48.4 42.4 46.4
Men 51.6 57.6 53.6
Age (years) 63.0 (18.4) 64.2 (16.7) 63.4 (17.9)
Race
Asian 1.7 1.2 1.5
Black 16.9 13.1 15.6
NHOPI 0.5 0.4 0.4
Other 29.4 29.3 29.5
White 50.7 54.5 51.9
Hispanic or Latino/a/x Ethnicity 32.8 33.4 33.1
Not English Speaking 33.0 33.8 33.2
Insurance Type
Private 56.1 55.4 55.9
Self-pay 4.6 5.8 5.0
Medicaid 7.8 7.0 7.6
Medicare 315 31.8 31.6
Medical History
Current or Former Tobacco Use 34.8 35.8 35.2
Cardiac 44.9 41,8 43,8
Hypertension 61.7 63.5 62.3
Diabetes 40.7 42.5 41.3
Obesity 5.4 6.2 5.6
Vascular Disease 3.0 4.3 3.5
Endocrine disorder 3.3 2.0 2.9
Pulmonary 37.6 40.1 38.4
Venous Thromboembolism 11.7 13.6 12.3
Neuro 26.1 20.2 24.2
CKD & Dialysis 23.6 16.0 21.1
Malignancy 17.7 15.8 171
Hematologic Conditions 27.6 22.6 26.0
Gastrointestinal 4.3 2.0 35
Immunocompromised 15.0 14.2 14.7
Within 24 hours of admission
RR>30 29.1 49.9 36.0
AST 48.8 (127.7) 42.7 (28.4) 46.8 (106.0)
ALT 37.8 (103.6) 34.6 (31.6) 36.7 (86.8)
CRP 83.8 (82.1) 110.2 (84.9) 93.5 (84.1)
D-dimer 1233.9 (4261.8) 1125.9 (4002.1) 1193.6 (4166.2)
eGFR 49.4 (17.3) 54.4 (12.1) 51.0 (16.0)
Max Respiratory Support
None 47.1 11.4 35.3
<6L 30.0 43.7 34.5
6-14.99L 4.1 8.6 55
15-80L 45 10.2 6.4
BiPAP or CPAP 5.7 14.2 8.5
Ventilator 8.8 12.0 9.8
Outcome
Neither Readmitted or deceased within 30 days 76.9 79.9 77.9
Readmitted within 30 days 11.8 8.3 10.6
Deceased within 30 days 11.4 11.8 115
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Table 2. Characteristics of 2,062 patients hospitalized with COVID-19 (2,279 hospitalizations)
stratified by symptom severity, Lifespan Network February 2020 — December 2020

Mild Moderate Severe
(N=806 (N=846 (N=627
Hospitalizations) Hospitalizations) Hospitalizations)
Col % or Mean (Std. Dev)
Gender
Women 48.9 48.4 40.7
Men 51.1 51.7 59.3
Age (years) 60.4 (18.7) 64.0 (17.7) 66.5 (16.2)
Race
Asian 2.0 1.3 1.3
Black 16.4 16.1 14.3
NHOPI 0.1 0.5 0.8
Other 34.4 26.6 26.6
White 46.4 54.3 56.0
Hispanic Latino/a/x Ethnicity 38.2 30.1 30.1
Not English Speaking 35.6 32.0 31.9
Insurance Type
Private 59.2 57.8 49.1
Self-pay 5.8 5.2 3.5
Medicaid 8.2 6.2 8.6
Medicare 26.8 30.9 38.9
Medical History
Current or Former Tobacco Use 32.6 33.8 40.3
Cardiac 34.1 40.4 61.2
Hypertension 61.5 61.7 64.0
Diabetes 38.2 39.0 48.4
Obesity 3.7 6.6 6.7
Vascular Disease 2.6 3.0 5.1
Endocrine disorder 1.1 2.1 6.1
Pulmonary 28.2 31.7 60.5
Venous Thromboembolism 8.4 12.1 17.7
Neuro 22.1 21.3 30.7
CKD & Dialysis 17.5 20.7 26.3
Malignancy 17.3 18.0 15.8
Hematologic Conditions 19.4 19.7 42.8
Gastrointestinal 3.5 2.0 5.7
Immunocompromised 11.2 13.0 21.7
Within 24 hours of admission
RR>30 10.3 27.7 80.1
AST 40.6 (91.8) 45.5 (85.4) 56.5 (141.7)
ALT 34.2 (70.0) 35.2 (46.7) 42.0 (135.0)
CRP 56.7 (65.6) 94.3 (75.8) 134.5 (94.5)
D-dimer  577.4 (1461.6) 917.4 (2939.7) 2215.1 (6598.5)
eGFR 53.2 (14.2) 51.4 (16.2) 47.8 (17.2)
Treatment
Remdesivir 10.6 42.4 48.4
Antibiotics 38.3 52.0 83.3
Diuretics 12.9 24.1 73.6
Steroids 22.2 45.4 61.5
Anticoagulants 17.5 24.0 63.5
Outcome
Neither Readmitted or deceased Wlthlcrj]a?/(s), 85.3 87.2 55.9
Readmitted within 30 days 13.0 9.6 8.9
Deceased within 30 days 1.7 3.2 35.2

1. Did not require oxygen
2. Required 0.5-6Lpm
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3. Required 6.5Lpm or more, including high flow, non-invasive ventilation, and mechanical ventilation

Table 3. Association of treatment with Remdesivir with length of stay, 30-day readmission, and
all-cause mortality in 2,062 patients hospitalized with COVID-19 (N=2,279 admissions),
Lifespan Network February 2020 — December 2020

Readmission All-Cause
Patient Total Num not on Num on Length of Stay Sdays) within 30 days of Mortalit
Group Remdesivir Remdesivir B (95%Cl) discharge (HR 95% él)z
RR (95% CI)*
All 2,279 1,531 748 3.27 (2.11,4.44) 0.81(0.59,1.13)  0.65 (0.49,0.85)
Mild® 806 721 85 2.03 (0.66,3.39) 0.31(0.13,0.75)  0.45(0.12,1.65)
Moderate® 846 487 359 1.49 (-0.06,3.05) 0.77 (0.45,1.32)  0.40(0.14,1.22)
Severe® 627 323 304 6.70 (0.47,12.92) 0.70(0.38,1.28)  0.49 (0.33,0.73)

1. Generalized linear models with IPCW & IPTW weights to account for differential treatment assignment and survival.
Models additionally control for month of admission and whether or not respiration rate was >30 within 24 hours of
admission.

2. Cox proportional hazards model with IPTW weights to account for differential treatment assignment. Models additionally
control for month of admission and whether or not respiration rate was >30 within 24 hours of admission.

3. Did not require oxygen

Required 0.5-6Lpm

Required 6.5Lpm or more, including high flow, non-invasive ventilation, and mechanical ventilation

a &
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